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" Indirect search: B.—uu

High-Mass Phenomena:
[ Z'
" Large Extra Dimensions

Summary and Outlook
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New Phenomena:

Why and What?

Why not the Standard Model?

" Hierarchy problem: m,<<m = new physics at TeV scale
" Most Dark Matter in our universe unaccounted for
" No unification of forces ...

“ + many more

What New Phenomena could there be?
" Supersymmetry (SUSY):

rather complex (>100 parameters)
Extra Dimensions
Techni- and Topcolor
Little Higgs
Extended Gauge groups or compositeness:

Z', excited fermions, leptoquarks, ...
LBNL Seminar, 01/06 B. Heinemann 2

New particles heavy
=Direct production at
high energy colliders



Tevatron Run ||
“ Upgrade completed in 2001

" Accelerator:

Vs(TeV) |At(ns) |L(cm?2 s7)

Runl |1.8 3500 [2.5x103 - € it
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“ Experiment CDF:

" New tracking systems:
Silicon and drift chamber
" New readout electronics+trigger
" New forward calorimeters
" Many other substantial upgrades
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Tevatron Luminosity

Cﬂﬁgfﬂt”lati{:}nﬁ Fﬁrmilab: s Collider Run Il Peak Luminosity o
Fermilab has set a world record for peak g
lurminosity of a hadron collider! 1408432 1 40E 32

Cperations established store 4431 at g o
9:11 a.m. yvesterday, October 4, with an
initial luminosity, or brighthess, of

Peak Luminosity
Peak Lum 20x Average

=] @
o o
= o=}
m m

]

141E30 e “sec’’ . This record exceads
the previous Tevatron record by almost 8 2008-3 : 200e
percent, and it exceeds the world record B N e e e e e e s

for peak luminosity of @ hadron collider
achieved 23 vears ago by the SR
proton-proton collider at CERM. The ISR
achieved a peak luminosity of T40E30

pved 3 peakuminosiy Tevatron Has Another Peak
cm<sec  ata collision enerdgy of B2

GeV. The Tevatron produces collisions Luminosity Record in 2006

hetween protons and antiprotons at a
collision energy of 1960 GeV. The peak

The Tevatron collider set a new peak

luminasity of the Tevatron has greatly luminosity record at 3:28 this morning,
increased since Fermilab began Hun ll

in March 2001, and Fermilab expects to Jaﬂuary 6. Store 4581 reached 171£30
improve the Tevatron peak luminosity cm~< sec ! Congratulations.

even further.
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Tevatron Performance

Collider Run Il Integrated Luminosity
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Integrated luminosity more than 1 fb! by now
Plan to shutdown for four months on March 1st

Improvements:
" Electron cooling of anti-protons working
" Anti-proton production rate and transfer efficiency still uncertain
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Tevatron: Future

Luminosity Per Year
g | A0mAshr | 25mAdhr | 20mAdhr | 15mAhr
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CDF Performance

Al
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Data taking efficiency about 83%

All components working very well:
" 93% of Silicon detector operates, 84% working well
" Expected to last up to 8 fb
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Supersymmetry




SUSY Particles

Particles R=1 R=(-1)3B*+2s  SParticles R=-1

V. V, V. neutrinos! sneutrinos V. V, V.
U C 1 = —
. =i MSSM

| gauge —
S=1 g particles |:|
]

S=1/2
G
MSSM has 124 parameters: ¥ SUSY is a
M,,M,, M;, Gaugino masses, Sfermion masses broken

tanf, u, m, Higgs(ino) mass/mixing
A A A (+45 RPV) symmetry
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SUSY Particles

Particles R=1 R=(-1)38++2s  SParticles R=-1

= H T |‘ R conserved, mSUGRA XO1 LSP and stable ‘
Ve '.'L h'__ NeUrinogs " =11=Ullinv= %
8=1/9 :I : quarks $=0
e L MSSM
v E” 0 ﬂ.:
) gauge
S=1 J particles S=1/2
G
MSSM has 124 parameters: ¥ SUSY is a
M,,M,, M;, Gaugino masses, Sfermion masses broken

tanf, u, m, Higgs(ino) mass/mixing
A.A.A (+45 RPV) symmetry
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SUSY solves some problems
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SUSY solves some problems
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Cross Section (pb)

-
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Sparticle Cross Sections:

Tevatron
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Sparticle Cross Sections:

] e LTt - FTF -.-“-.-I eV ) oy n g
-~ O Apbl: pp —E2. §0. 1,1, #520].VV. %58, %50
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Sparticle Cross Sections:

—
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Higgs in the MSSM

Minimal Supersymmetric Standard Model:
" 2 Higgs-Fields: Parameter tanp=<H_>/<H>
" 5 Higgs bosons: h, H, A, H*
Neutral Higgs Boson:
" Pseudoscalar A o xBRy, ., =2xc
" Scalar H, h
Lightest Higgs (h) very similar to SM
At high tanf3:

" A is degenerate in mass with either h or H
Decay into either Tt or bb for m,<300 GeV:
BR(A —tt) = 10%, BR(A— bb) = 90%

" Cross section enhanced with tan2p

tan > 9
sm % 7% 2
MTA+A) T [9+(1+A, )]

-C. Balazs, J.L.Diaz-Cruz, H.J.He, T.Tait and C.P. Yuan, PRD 59, 055016 (1999)
‘M.Carena, S.Mrenna and C.Wagner, PRD 60, 075010 (1999)

‘M.Carena, S.Mrenna and C.Wagner, PRD 62, 055008 (2000)
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Neutral MSSM Higgs

Production mechanisms:
" bb - A/h/H

" gg — A/h/H
Experimentally:

" bp — ®b+X — bbb+X

" pp = O+X — 1T +X

Tevatron Tevatron
2,07 SM 9,923 MSSM, tanB=50
o 10| _ © 10 | - N
1? gg+bb->H y bb~H
_*|-_ 1 i “"\
107§ gg-H 10} X
‘ID?E _ 10_'&;‘ Shilegy \
107k bb-H 107}
10° 10— - -
100 200 300 400 100 200 300 400
M, (GeV) M,, (GeV)
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MSSM Higgs: Tau-Selection

Select t t Events:
" One t decays to e or u
" One t decays to hadrons

Require:
" ¢ or u with p;>10 GeV
" Hadronic:
Narrow Jet with low multiplicity

1 or 3 tracks in 10° cone

No tracks between 10° and 30¢:
Cone size descreasing with increasing energy

Low n® multiplicity
Mass<1.8 GeV
Kinematic cuts against background:
" WHijets
" Photon+jets
" Dijets

LBNL Seminar, 01/06 B. Heinemann 18



Acceptance and Background

Acceptance for Higgs about &€
1-2% L% 2
Main background: g”ﬁ
" Drell-Yan tt
" Indistinguishable signature => 05
Separate kinematically ok

No full mass reconstruction
possible for low Higgs pr:
" Form mass like quantity:
mvis=m(r,e/u,%)
" Good separation between
signal and background
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A—tt Acceptance vs. m,
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Arbitrary scale
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MSSM Higgs—tt Search, CDF Run Il Preliminary

MC simulation
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MSSM Higgs: Mass Distribution

. §
_ GBI Fun Il Prelimirary 419 gb MSSM Higgs — -+ Search, 95% CL Upper Limit
[:]Z/'Y*—)‘C"L' 10¢ p= T L I BN BELEL L BB R
100 f other ] = CDF Run Il Preliminary, 310 pb" ]
jet—1 fake 2 § — Observed limit |
10k ngg(;scs—)\’f;t 'F' ----- Expected limit
m, = eV/c?
(at 95% CL) _,_rr 1= band
= 10 25 band
1 ) L,__‘ ¢ o ' EF
| = ,
.
0.1F + =1 7 s | 0000 TS
| il
i 1 L :I 1 .|...|...|...|...|.:
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Data mass distribution agrees with SM expectation:
" M>120 GeV: 8.4+0.9 expected, 11 observed

Fit mass distribution for Higgs Signal
" Exclude signals at 95% C.L.
" Upper limit on cross section times branching ratio
" We interpret in MSSM benchmark scenarios

LBNL Seminar, 01/06 B. Heinemann 20



MSSM Higgs: Results

pp — A+X— tt+X (CDF)
= Sensitivity similar for
Min. and max. mixing
u>0 and u<0
pp — bA+X—bbb+X (DJ)
" Best sensitivity for u<0
" Lower sensitivity for u>0

Nice complementarity of both
modes

" Particularly important if we see any
deviation in either mode

LBNL Seminar, 01/06
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u=+200 GeV, M, =200 GeV, m; = 0.8 M, .,
Mg o, =1TeV, X, = VB M, (M™); M., =2TeV, X =0 (no-mixing)

100
80
360 COF Run Il 310 pb!
I MSSM Higgs—tt Search
40 Preliminary
20
0
80 100 120 140 160 180 200
m, (GeV/c?)
-"JU"'I"'I"'I"'I"I"
v u<0
no mixing
80
60
o CDF Run |l 310 pb*
S MSSM Higgs—t Search
40 max -
My Preliminary
20

LEP 2 no mixing

80 100 120 140 160 180 200
m, (GeV/c?) 21



Generic Squarks and Gluinos
Squark and Gluino

: g
production: i
q
" jets and .
- Golden signature at LHC _ /'@_’Missing Transverse
_q_—\@ Energy
- ' Jets
Missing Transverse
Energy

Strong interaction => large
production cross section
" for M(g) = 300 GeV/c2:
1000 event produced
" Phys.Rev. 59:074021,1999

" for M(g) = 500 GeV/c2:

M. +M)/2 (el 1 event produced
LBNL Seminar, 01/06 B. Heinemann 22




Generic Squarks and Gluinos

Selection: o
= 3 jets with E:>125 GeV, 75 GeV = . [ Janacowe
and 25 GeV g10° [ Jieeoda
E -
" Missing E;>165 GeV ::'jm:_ ;
" H,=Y jet E; > 350 GeV - W
" Missing E; not along a jet e
direction: T
c . . 10462030 40 50 60 70
Avoid jet mismeasurements E; [GeV]
Background:
s CDF Run II Preliminary, 254 pb" = Data
" W/Z+jets with W—lv or Z—vv S maco
E\l.. 10 Blind Box edge W, Z, WW
" Top @ -+ 1 i
" QCD multijets @ -, 1
1=
Mismeasured jet energies lead to g T
missing E; 1| 7:'_,7
Observe: 3, Expect: 4.1£1.5 e e e e
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Impact on SUSY

No evidence for excess of
events:

" Exclude squarks and gluinos
for certain mass values

" DO excluded gluinos up to
230 GeV

= CDF:

Interpretration still ongoing
Likely similar to DO
Stop and sbottom quarks
are excluded from CDF
analysis

" 3rd generation is special...

Squark Mass (GeWcz)

3
=]

14))
=]
o

LI I

=3
(=]
(=]

[
=}
(=]

200

100"

B. Heinemann

DO Il?plnl [ Prlelliminalr).r| L=3.1|0. pb'

D@ 1A

UA2

no mSUGRA ™.
solution

SN

m{G)<m(z,)

ORI N

400 500 600
Gluino Mass (GeWcz)
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3rd generation Squarks

3rd generation is special:

" Masses of one can be very
low due to large SM mass

" Particularly at high tanp

l 'II ot aoh= F o
l[nr I .wr; ] 5\ C”-’E. —mz | dmp(Ay, — jetan 5)F

t*-'I'_

o
“i'j.l_:

Direct production or from
gluino decays
pp —bb ort T
" pp —gg —bbbb or it

Decay of sbottom and

stop:
=B e[:5(0 _
q < O\
"= Stop depends on mass: ~5b °
Heavy: t —#° g /b —
Medium: T =by* —bWy° 4 e

Light: T —cx?
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Bottom Squarks

This analysis:
" Gluino rather light: 200-300 GeV
" BR(g->bb)=100% assumed

Spectacular signature:
" 4 b-quarks + %

Require b-jets and ,E/T>80 GeV

Inclusive Double B-Tagged Events

W/Z+jets,Diboson
|

0 50 100 150 200 250

) Missing E; [GeV]
LBNL Seminar . 01/06 D. ricuiciiidalinl

_:::a CDF Run Il Preliminary, ‘I56p|:3'1
0 10°

= F - CDF Data

t QCD-multijet

5 B Top

T

Expect:2.6:07 @ | T
Observe: 4 |

Shottom mass [ GeVied]

_3 BR(G—+ b b)=100% COF Run I Preliminary
1 mixl=60 Gev /i
J miq) = 500 Gevic?

{excl. single tag)

CDF Run | excluded

80 200 220 240 260 280
Gluino mass [ GeV/c?]

Exclude new parameter

space in gluino vs.
sbottom mass plane
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Light Stop-Quark: Motivation

If stop quark is light:
" decay only via +>c¥,°
E.g. consistent with relic

density from WMAP data

" Balazs, Carena, Wagner: hep-

ph/0403224
" Qpy=0.11+-0.02

" m(t)-m(%,°)=15-30 GeV/c?
" m(t)<165 GeV/c?
Search for 2 charm-jets and
large £,
= E(ief)>35, 25 GeV
= ¢/>55 GeV
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Light Stop-Quark: Result

Charm jets: §
" Use “jet probability” to tag charm: C o
Probability of tracks originating from
primary vertex 1
" Require:
First jet: <6% 10’

2nd jet: <45%

" Improves signal to background ratio: ™

Signal Efficiency: 30%
Background rejection: 92%

Data consistent with background S
estimate :
" Observed: 11 4
" Expected: 8.3%23 3
Main background: ’
" ZE i > wii 1
" WHjj > i é

LBNL Seminar, 01/06 B. Heinemann
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Search for tt, (t, = cy,)

- —— Data CDF Run Il Preliminary, 163 pb™
_ J QcCD Multi-jet +?.+.
waZ+iets, Top, diboson *ﬁ—
[J t, (110 Gevic?), 7] (40 GeVic?) o

IS

P T I T T T T T N N N S
-2

&
&
A
&

-1 0
Log(Jet Probability)

Y

Search for tt, (t, - cy,)

E CDF Run Il Preliminary, 163 pl:l'1

E -« Data

— l QCD Multi-jet

- WiZ+jets, Top, diboson

— -

B 4 |:| t, (110 GeV/c®), 73 (40 GeVic’)

- y- -|. -

C -L"-l

_I ||_!_7_!_I—I_'—I_4_A]_A||||||||||\

0 60 80 100 120 140 160  180_ 200
Missing E, (GeV)
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Stop Candidate event

e TS Gov
, e -\\ ;.\h-'* “"'H-J ’ =)
L\ !
5 T\ (J: y

LBNL Seminar, 01/06
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Event Display

Run: 160591 Evt: 1361839

MET=59.3 GeV
Et1=41.8 GeV
Et2=31.4 GeV
JP(1)=5.2e-5
JP(2)=1.5e-4



Stop Quark: Result and Future

Due to slight excess in data:

" No limit set on stop quark mass yet
Future light stop reach :

" L=1fb': m(t)<160 GeV/c2

" =4 fb': m{t)<180 GeV/c2
LHC:

" Direct production will be tough to trigger

" But to stop and top yields
striking signature!
Two W's, two b-quarks, two c-quarks and

If m(g¥>m(t)+m(t]
: T

W
2 %<b
e

LBNL Seminar, 01/06 B. Heinemann

Cross Section (pb)

=y
[=]
(M

(%]

=y
(=]

10

r Theory Cross Section (Prospino)
= CTEQ 5M, Q=m(t,)
N [] cTEQ 5M, @=0.5m(t,), 2m(t,)
r —a— CDF 959% C.L. Upper Limit
= M(3;)=50 GeV
— CDF Run Il Preliminary, 163 pb'1
= 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
60 80 100 120 140 160

Ft

=

- Run 2 Projection :
E 95/ C L. Exclusmn

' B
1€

CDF Run II Prellmmary

'1no 120140 160 180 200 220
Stop Mass {Ge\h‘c )
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Charginos and Neutralinos

Charginos and

Neutralionos: S
q
= SUSY partners of W, Z, ..
- g—L—< 1
photon, Higgs q =
LB el
Mixed states of those v
Scenario here:
" Neutralino LSP NP D AR
" 3 leptons + oL 44 :
I ¥ 1
Recent analyses of EWK : %
o o = B[ o -
precision data: g, 51
= J. Ellis, S. Heinemeyer, K. Olive, G. "= [ CMSSM > 0, m = 1727
Weiglein: [ ’ m”ﬁ:zz? _
hep-ph/0411216 L ¢ mp=10.A = my
= Light SUSY preferred I ptonozm ]
I:ll:l — Iiél:ll I Id-é':ll I IEEIUI I IEll:ll:lI I I'||:|:l:|

I'I'I:;c;. mf". [Gev]
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3 leptons +E;

Many analyses to cover full 1 v
phase space:
" Low tanf:
2ete/u
2ute/u

" High tanp:
2e+isolated track RN
Sensitive to one-prong tau-decay

1 . 0_+ .
Other requirements: _ Searchfor i > eeisX____CDF Run I Protminary
M M ™ §1035 _ -1 - B M(y;) = 113 GeVic’,M(x") = 66 GeVic
" SlgnIfICdnf,Z: g %det-m-O P . — mSyara por
I d‘loz E g K L tV_lw'i’—> e'f\!, .o,
" Dilepton mass >15 GeV and not £ £ s v, S dwwmzzy
within Z mass range di10 L, -

™ m

Wt
" Less than 2 jets R T
il v
‘:2‘0‘ | ‘40‘ | ‘50I I IBOI I I11!'0I I I120I I 14-0I I I1&0I I 1&0 I 'goo

M,, (GeV/c))
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Trileptons: Result

LBNL Seminar, 01/06

Analve Total predicted | Example SUSY | Observed
nalysis ,
background Signal data
Trilepton
0.09+0.03 0.37+0.05 0
(uutl)
Trilepton
0.17+0.05 0.49+0.06 0
(eetl)
Dielectron
0.48+0.07 0.36+0.27 2
+track
+ 0
w 10 .S“?"’?r“’f“f“"’ Xaka7HH +?m+).( — _ Search for 13 5 eetlX CDF Run Il Preliminary
- CDF Run Il Preliminary 3z g e Tt 2 A,
4 » Data (0] J.L dt = 346 pb' M{31) = 113 GeV/c' ,M(y ;) = 66 GeVic
o R —— mSugra point
< 1 L 4a Drell Yan %’1 Drell-Yan
-g_ [l Fake ‘s’ = T Ml i L
%" [l DiBoson & L ;-’;’ng\[‘/ezggo,ri"r Zfy
e y t-tbar = ¢ Data
® 10" | — SUSY mSUGRA point 10"
.[ L dt = 346 pb” -
-2 [
10 10
10° ] ”l O ’
0 20 40 60 80 100 120 140 10 e —
m, ;=180 GeV; m,=100 GeV; tanf = 5; A;=0; n>0 MEt (GeV) Missing E; (GeV)

B. Heinemann

Nevents / 15 GeV

-

o'k

[ CDF Runll Preliminary, 224 pb |

Processes
Drell-Yan
I Di-Bosons
tt
— mSUGRA
« data

A I
100 120 140
Missing E; (GeV)

0 20

40 60 80

No hint of SUSY

Interpretation in
progress

More data and more
analyses soon
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Rare Decay: B.—u*u-

SM rate heavily suppressed: , o MssM .
BR(B, = u"u)=(3.5+09)x10"

(Buchalla & Buras, Misiak & Urban)

SUSY rate may be enhanced:

. s ~ tan’p
. + 4, 6 13
B(Bs — u'"u ) < tan” B/ m’
(Babu, Kolda: hep-ph/9909476+ many more) S. Back, Y.G.Kim, P. Ko, hep-ph/0406033
7
Related to Dark Matter cross section (inone =" |
of 3 cosmologically interesting regions) = | anB—55
(.

S tanfi=10

Oyp & tan? ﬁ/mi 10 B l;m!i EEE
-n: A ’ﬁ“
10 3 .

Recently gained a lot of attention in . y

WMAP data SUSY analyses, see e.g. - |

" B. Allanach, C. Lester: hep/ph-0507383 0"k I

= J. Ellis et al., hep-ph/0504196 .

" S. Baek, Y.G.Kim, P. Ko, hep-ph/0406033 ,.]-"'J}. U
® R. Dermisek et al., hep-ph/0507233 10 10 I“H{B‘—‘*HH}
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B.—u*u-vs. Trileptons

A.Dedes, S. Mrenna, U. Nierste, P. Richardson hep-ph/0507233

ﬁnaj Mg=150, 4p=0, >0, my=17%5 CeV

Trileptons: 2fb-!

100 Lal Al 2o 300 2o 400
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Indirect Search: B,->uu

Preselection: g w—
" Two muons with p;>1.5 GeV/c y t) p
" CMU-CMU and CMU-CMX e r

Two different muon detectors 3 | ey ask

covering different angular regions ’ me’:;jwﬁwhm

" Dimuon vertex displaced from T iDi_Mm;'gﬂa:Z}
primary

Identify variables that separate signal 2 Signall

from background: Z
" Dimuon mass = Background
" Decay length: A
" Points towards primary vertex R I
" |solated from other tracks W

Construct likelihood of last three .

variables: e
" Excellent separation 07 " 04 0% " 08

Likelihood Rati
" Cut at likelihood ratio >0.99 enend Rato
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B.—>uu :Result and Future

Result:
" 0 events observed

" Backgrounds:
0.81+ 0.12 for (CMU-CMU)
0.66 + 0.13 for (CMU-CMX)
Branching Ratio:

" CDF;:

BR(B->uu)<1.5 x 107 at 90%C.L.

" Combined with DO:

BR(B->uu)<1.2 x 107 at 90%C.L.

Future:
" Probe values of 2x108

LBNL Seminar, 01/06 B. Heinemann
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Impact of B.—u*u- limits: Now

A.Dedes, S. Mrenna, U. Nierste, P. Richardson hep-ph/0507233 S. Baek, Y.G.Kim, P. Ko, hep-ph/0406033

ﬁna) Mp=150, 43=0, >0, mp=175 CeV

tanp=55

40

2a

tangf

20

4] |

'I'] 1 1ol 1 L1 1 |||l|||

s
1

100 150 260 250 300 350 400 GB':B,E—?HH]

Mif.-‘g [GeV]

Starting to constrain MSSM parameter space
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Impact of B.—u*u- limits: L=8 fb-!

A.Dedes, S. Mrenna, U. Nierste, P. Richardson hep-ph/0507233 S. Baek, Y.G.Kim, P. Ko, hep-ph/0406033
a) My=150, 49=0, p>0, my—175 GeV 7
50 —10 ¢ .
=
c |
=N tanp=55
P |
40 < 8 tanp=10
A A tan3=35
.
30 0|
-y 10 F
1]
H
20 [
-10
10 ¢
10 |
'I'] -II- 1 1 :l
0 8 T
q 10 10 ICIB
100 150 260 250 800 350 40D (B, — 1)

Mif.-‘g [GeV]

Tevatron will severely constrain parameter space
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Impact of B,—u+u- limits: LHC

A.Dedes, S. Mrenna, U. Nierste, P. Richardson hep-ph/0507233 S. Baek, Y.G.Kim, P. Ko, hep-ph/0406033
a) Mp=150, 49=0, x>0, my=175 GeV I
50 —10 ¢ .
=] - f
= !
=N tanp=55
= i
40 EID 8| tanf3= 10
T tanp=35
i .
30 of J
& 10
m C
+ C
20 [
-10
0t
10 i |
'I'] -II- 1 1 :l
0 8 T
q 10 10 ICIB
100 150 260 250 800 350 40D (B, — 1)

Mif.-‘g [GeV]

LHC will probe SM value with about 100 pb'!
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High Mass Searches




High Mass Dileptons and Diphotons

Standard Model high mass producTion:

§ A/
_— VWV Y

New physics g high mass:

Resonance signcﬂure: Tqil enhqncemenh
" Spin-1: Z, W’ “ Large Extra Dimensions:
" Spin-2: Randall-Sundrum Arkani-Hamed,

(RS) Graviton Dimopoulos, Dvali (ADD)
" Spin-0: Higgs, Sneutrino " Contact interaction
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Z —ee Search

Dielectron mass
spectrum and angular
distribution:

" 2D analysis improves
sensitivity

Data agree well with
Standard Model
spectrum

®" No evidence for mass
peak

B. Heine

Events/10 GeV/c?
=

CDF Run Il Preliminary (448 pb™)
Ili.'[ T e e e e e

100 150 200 250 300 350

T

L L -
- ET:

-
f=

Events / 10 GeV/c
[CT- T—

M (GeV/c?)

1 | L | I

[

200 250 2300 350 400 450

200350
M... (GeV/c?)

CDF Run Il Preliminary (448 pb™)
— . : :

Paoisson Stat, Uncertainty

_ .

Data

Expected SM

500

100 200 400

M.. (GeWcz)



Z —ee Signal Examples

L) Data
TR [ Foiszan Stan, Uncestainty
Z[ (SI\‘I} —_— s a’e MC
[ et backgraund

- Olher backgrounds

CVENIS 1Y Gavc
-
=1

1 - . - -
100 200 . 300 . 400 500 600
M, (Gevic)
Em D.B_ L ' ]
< 0.6 . .
0. . ~ L a

—ﬂE:— Yois=on Stat. Uncertainly [ _E
_n_g | L —I

0 100 200 400 60

M., (GeVic?)

. Chata —

Z‘I] (SI\.I) E PTIEEDF Stat. Uncertainty

Zv— wle MG
[ oijer background

B <ther backgrounds

Events/10 GeV/c’
S

100 300 300 700 —500 500
M., (GeV/c")

0.8
0.6}
0.4}
0.2
-0F
-0.2F
04
-0.6}

Faw
AFE.
-
-

Poiszon Stat. Uncertamnty

I

080 100 200, 400 600
M. (GeVic)

Angular distribution has different sensitivity for different Z’

models
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Limits on New Physics

Mass peak search:

Model Zow |2, |Z, |z, |z, |z |Z

X Y n

Mass limit  |860 (735 (725 (745 650|710 |675
(GeV/c2)

secC

Tail enhancement: contact interaction

Contact interactions qqee >.,> .- 1.r %155".#‘“0@.@“{;;(}; q 1
. 2
CDF Runll Preliminary (448 pb!)

Interaction LL|LR|RL|RR|VV|AA
A/, limit (TeV/c*)|[3.7{4.7]4.5[3.9]5.6] 7.8
Ag. limit (TeV/c?)[5.9]5.5(5.8[5.6 [8.7]7

>
tal
[—

VV=LL+LR+RL+RR; AA = LL+RR-RL-LR
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Extra Dimensions

Attempt to solve hierarchy problem by introducing extra
dimensions at TeV scale KK

ADD-model:
" n ED’s large: 100um-1fm
" MZ, 7 R" My"2(n=2-7)
" Kaluza-Klein-tower of Gravitons =continuum
" Interfere with SM diagrams: A=t1 (Hewett)

Randall Sundrum:
" Gravity propagates in single curved ED
" ED small 1/Mp=1035m
" Large spacing between KK-excitations
= resolve
Signatures at Tevatron:

" Virtual exchange:

2 leptons, photons, W's, Z's, etc.
BR(G->yy)=2xBR(G->Il)
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Randall-Sundrum Graviton

CDF Run Il Preliminary, 345 pll:l'1
10 —+— Data, E~15GeV, |.||-:1_+::|4‘

Analysis: T
" 2 photon mass spectrum :D_
" Backgrounds: 3 |
direct diphoton production Al "L\'\R
Jets: 10—yy 10 T
Data consistent with A A1 N -~

mile (GeW ety

Diphoton RS Graviton Search

background

- CDF Run Il Preliminary, 345 pb’1
102--—-— Data, E=>15GeV, [n|<1.04
= —— Total Background + 1o
SM ¢y (Diphox NLO)
e ==
2
=
8
=10 = ——
2
-— _+_
=z
-
_+_
=
L
T

i | | 11 | 11 | L1 1 | L1 1 | |11 | 111 | 111 ‘ 111
40 60 80 100 120 140 160 180 200
m(yy) (GeVic’)
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Randall-Sundrum Graviton

CDF Run Il Preliminary, 345 pll:l'1

° 10°% ” —=— Data, E=15GeV, |n|<1.
AnGIYSIS: i \l [ ?ﬁtal.BE.an:::g:zu:dll "
10°- |
" 2 photon mass spectrum ol
210
" Backgrounds: . | |
direct diphoton production 5'F "F‘*\'
L \H.
Jets: 10—yy 10", T
o ° \\‘\.
DCI"CI COnSISfenf Wlth m.zn_ 50100 150200 350 306" 350 400 450 ;uu

m(z7) (GeVic’)

RS Graviton Searches, 95% C.L. Exclusion Regions
background

0.1

E CDF Run Il Preliminary (345 pb™)
0.09F

Relevant parameters:
" Coupling: k/My 3

=0.06F

= r
2 0.05F
"M f 1st KK-mod :
ass o mode 0.04F
= Decay mode

0.03F dimuon {200 pb)

0 025 dieleciron {200 pb”'

E diphoton (345 pb )

0_01__IIII|IIII|IIII|IIII|IIII

|
200 300 400 500 5 600 700
Graviton Mass (GeVl/c')
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Summary and Outlook

= C D F an d Tevqi-ro N runn i n g 80 70 — experimental errors 68% CL:
| [ LEP2/Tevatron (today)
g read t . LEP2/Tevatron (8 fo )
Often world’s best constraints

Many searches on SUSY, Higgs
and other new particles

" Most analyses based on up to

350 pb'!
Will try to analyse 1 fb! by
summer 2006 ~ Mssh
Anticipate 4.4-8.6 fb! by 2009 —

" If Tevatron finds no new
physics it will provide further
important constraints

And hopefully LHC will then do
the job




Summary and Outlook

= C D F an d Tevqi-ro N runn i n g 80 70 — experimental errors 68% CL:
| [ LEP2/Tevatron (today)
g read t . LEP2/Tevatron (8 fo )
Often world’s best constraints

Many searches on SUSY, Higgs
and other new particles

80.60 |

" Most analyses based on up to

350 pb'!
Will try to analyse 1 fb! by
summer 2006

Anticipate 4.4-8.6 fb' by 2009

" |If Tevatron finds no new
physics it will provide further

important constraints If we find something the

;Al;gdi:I;)pefully LHC will then do real fun starts: What Is It2
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CDF Run Il Preliminary (202 pb'1)
v v I " I v 1 v i

Assume 9, is NLSP:

>

D 10°E =

~ (L) E * Data 3

= DeCCI)’ to G+Y w f [0 QCD & fake photon]
~ 42 10? . 1 SM yy production .
"G ||gh|- m= | kev E’j 105 M ey background ;

" Inspired by CDF eeyy+ﬁ{

event in Run |

NB: no such event in Run Il yet

DO (CDF) Inclusive search:
'/2/photons: E.> 20 (13) GeV

T

E;>13GeV, |0|<10 §

0 20 40 60 80

101

Missing E; (GeV)

Neutralino Mass (GeV/cz)

- Ei‘ > 40 (45) Gev 1 _-I CDF 20I2 pb’’ | GIVISIB v+ | -
= DO 263 pb'1 M=2A, N:1,lan[’,:15‘u>05
Exp. Obs. | m(y*) e s ]
DO [2.5+0.5 |1 >192 GeV T
CDF |0.3:0.1 |0 >168 GeV | Bl e
o - z
DO+CDF: m(y*,)> 209 GeV/c? A
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140 160 180 200 220

Chargino Mass (GeV/cz)
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MSUGRA: 3-lepton result

Combined result: 222 D@ Run Il Preliminary
— 2} | Search for ;ﬁ;{‘;u—} 31+X: Limit on ¢ x BR(3l)
" 0xBR<0.3-0.4 pb 2 1.8 M) = M(g3) = 2+M(y.); M(slepton) = M(z)
: o 1.6 =147- -1
Theory comparison X 14 L=147-249 pb
0 : + =
mSugra: m(y*)>97 GeV 3 1-21 tanfs = 3
tanp=3, A,=0, u>0 0.8 ’“lﬂl;g
MEcEIEMx02I=2ZM{x) u.e%_ DG Run |
" Heavy squarks: m(x*)>111 GeW4 ™~ = |
o 0.2 MSUGRA oo e e
Reduce destructive interference of large my m UG?A Prediction |, ———— ———————

95 100 105 110 115 120 125 130

[ | .
Large m,; M(;) [GeV]

Sleptons heavy

Very difficult Also, new limits for
RPV decay of %2 :
Will extend sensitivity to mSUGRA m(X+1)>183 (160) GeV

beyond LEP with just 25% more data:
75% more already on tape! for Ay (Ap,) for u<O

LBNL Seminar, 01/06 B. Heinemann 53



*Bends in the wrong plane (= high pt)
Large ionization in scint (>500 Mips!)
*Large dE/dx in drift chamber

_10°

pb

= 10"

—_
o

T \HHH| T III\HI‘ I/I]IH[ T \HHH| T IIHIH|

—

Cross Section
o

1
N

-
o

|
w

-
o

LBNL Semin:

CDF Run Il Preliminary

Drell Yan cross section

sensitivity

M, fonte = 350 GeV/e?

95% CL Limit

L1
200

L
400

600 800
Monopole Mass [GeV]

Solenoid

COT
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Long-lived particles

Model:

® any charged massive particle (e.g. stop
stau) with long lifetime: “quasi-stable”

" Assume: fragments like b-quark
Signature

" Use Time-Of-Flight Detector:
R;oF ®140cm

Resolution: 100ps
" Heavy particle=> v<<c

event 2-3 ns
Result for At;op >2.5 ns:
" expect 2.9+3.2, observe 7

0<10-20pb at m=100 GeV
M[)>97-107 GeV @ 95%C.L.

- Al.TOF =ttrack't
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Number oftracks

10°

—
o

E T — —TT T =3
CDF Run 2 Preliminary
[ . = Observed ’
3 ¥ Predicted |

by
[ ILdt=53pb‘1 i ]
MR P PP B BRI B | 3
0 05 1 1.5 2 25 3
Minimum A.,- (ns)
TOF
[ Atrorp
—_— CDF Run 2 Preliminar = !
8_ 50 T T T Iy T J LI dt 5I3 Db I:
z 45 Production cross section (NLO) —;
'% 40 ¥--- Cross section limit (Stop isolated) —;
% 35 A - - Cross section limit (Stop embedded in jet) —;
8 30fF 3
© 25E . 3
20 v A —g
15 v e
10 v E
5 I -
0 L

70 80 90 |100 110 120 130 140 130

LEP: 95 Gev | M(Stop)
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Neutral Spin-1 Bosons: 7’

2 high-P; electrons, muons, taus
Data agree with BG (Drell-Yan)

Interpret in Z' models:
" Eé6-models: ¢, n, ¥, |
" SM-ike couplings (toy model)

OZH*—tt i

- [lOther Backgrounds !
by | I
":.E mz‘ Control Region ! Signal Region

o 1
o | A=t (x1000)
~ - ! 250 GeV/ic?
& I N SR

1
10 &

0 20 40 60 80 100 120 140 160 180 200
mys (GeVic?)
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Indirect Search: B,->uu

Preselection:
" Two muons with p;>1.5 GeV/c
" Dimuon vertex displaced from
primary
|dentify variables that separate signal
from background:

=
o

CDF Preliminary: ~360pb™
0 Jhp: 2.7M Triggers:
JPsi
5 ; . BBbar
10 rl—’w 29): 100K Upsilon
10" 5 -
Y(18): 18K
s Y(2S): 3.6K
10 PMJLJ‘-UQisiiK
i an 't ¥ H i
M . \‘-Jifk. "
2 o
10 5 / f ey
0 2 4 6 : 10 12

" Dimuon mass

" Decay length: A

" Points towards primary vertex
" |solated from other tracks

1/N dN/dM

=]

o
=1
il

CDF Preliminary
Bs{d]%,'““-
364 pb”

Construct likelihood of all these  ENE I —
R M/ GeV/c?
variables
B
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